Angiotensin-converting enzyme (ACE, kininase II) is a plasma membrane zinc metallopeptidase that acts as a key enzyme for the extracellular conversion of vasoactive peptides. Recently, ACE outside-in signalling in endothelial cells has been described. The present study tested the hypothesis that ACE signalling is not restricted to endothelial cells and may act as an additional peptide receptor on human preadipocytes and adipocytes. ACE protein levels were not changed during adipose conversion of human primary preadipocytes. The enzyme was primarily localized to the nondetergent-resistant fraction of the membrane and phosphorylated in non-dividing cells. Antibody arrays of whole cell lysate detected putative ACE-interacting proteins, which all share important roles in cell cycle control and/or apoptosis. These findings suggest that ACE is a versatile molecule, involved both in the regulation of extracellular peptide concentrations and direct intracellular signalling. In human adipose cells ACE may potentially influence exit from the cell cycle, differentiation, and programmed cell death signalling.
Introduction
White adipose tissue has numerous functions, one being the storage of energy in the form of triglycerides in times of food surplus to be liberated in times of need. The storage depots of white adipose tissue (mainly visceral and subcutaneous in humans) can change drastically in cellular composition and size throughout life [1] . Regulation of adipose tissue mass by recruitment of new adipocytes and apoptotic cell death of existing ones is important for the tissue's homeostasis, but may also lead to obesity or lipodystrophy syndromes [2, 3] . Both these extremes are associated with severe metabolic abnormalities, namely insulin resistance, dyslipidemias, cardiovascular abnormalities, and hypertension, with life threatening end points in diabetes, stroke, and cardiac infarct [4] . Intensified research is thus needed to understand adipose tissue homeostasis on a molecular level.
For effective homeostasis, adipose tissue cells need to communicate with each other on an autocrine / paracrine level [5] . One group of soluble factors involved in this communication are the angiotensin (ang) peptides, cleaved from circulating or locally produced angiotensinogen. According to the classical reactions of the circulating renin-angiotensin system (RAS), the first peptide to emerge is ang I, which is devoid of vasoconstrictive activity. It can be cleaved to ang II by angiotensin-converting enzyme (ACE, CD143) or to ang (1-7) by neprilysin [6] . The ang II produced can act on the classical 7-transmembrane receptors AT 1 and AT 2 expressed on human preadipocytes and adipocytes [7] , vascular smooth muscle cells and nerve endings. Ang II has been demonstrated to control adipocyte metabolism, preadipocyte proliferation and differentiation, blood supply to the tissue, and to regulate nervous tone [reviewed in 6] . Ang II, however, is not the only physiological active peptide of the RAS. At least four other angiotensins show biological activity: ang (1-9) [8] , ang (1-7) [9] , [des-Asp 1 ]-ang I [10] , ang III [11] , and ang IV [12] . ACE does not only bind to ang I, but also to ang (1-9) [8] , ang (1-7) [8] and ang IV [13] and some biological actions of the latter three peptides were directly contributed to their binding to ACE.
It is noteworthy in this context that ACE possesses, next to its ectopeptidase activity, signal-modifying and -transducing properties comparable to a receptor. In transfected CHO-cells and native endothelial cells, protein-protein-interactions have been described between ACE and the bradykinin-receptor B 2 , enabling ACE-ligands to amplify B 2 -signal transduction. ACE does so by influencing the distribution in plasma membrane microdomains and eliciting classic intracellular phosphorylation cascades [8, [14] [15] [16] [17] . Recently, dimerization and phosphorylation of ACE by casein kinase II (CK II) in endothelial cells has been published to regulate both ectodomain shedding and c-Jun N-terminal kinase (JNK) signalling [18] [19] [20] [21] [22] . ACE signalling in these cells was increased by incubation with synthetic ACE-inhibitors and bradykinin, but not ang I [19, 21, 22] .
The role of ACE on preadipocytes and adipocytes is not yet fully understood. It may differ substantially from that on endothelial cells. The aim of this study, therefore, is to identify classical receptor functions of ACE on human preadipocytes and adipocytes. This should further clarify the spectrum of signalling possibilities of ang peptides in human adipose tissue and their importance in adipose tissue homeostasis.
Experimental Procedures

Materials 75 cm
2 cell culture flasks were obtained from Nunc (Wiesbaden, Germany), the 60 cm 2 cell culture dishes were from BD-Falcon (Le Pont de Claix, France). Ang I and ang II were purchased from Bachem (Bubendorf, Switzerland). Cell culture media, foetal calf serum (FCS), penicillin, and streptomycin were obtained from Biochrom (Berlin, Germany). 5,6-dichloro-1-β-D-ribofuranosylbenzimidazol (DRB), okadaic acid, phorbol-12,13-dibutyrate (PhD), phorbol-12-myristate-13-acetate (PMA), dimethylsulfoxide (DMSO), pantothenate, transferrin, insulin, cortisol, triiodothyronine, protease inhibitor cocktail, and the mouse monoclonal anti-γ-tubulin antibody were from Sigma-Aldrich (St. Louis, USA). Biotin and isobutylmethylxanthine (IBMX) were obtained from Serva (Heidelberg, Germany). Basic fibroblast growth factor (bFGF) was from Tebu (Le Perray en Yvelines Cedex, France). Rosiglitazone was obtained from VWR International (Darmstadt, Germany). Protein-A/-G magnetic beads were from Dynal Biotech (Hamburg, Germany). Sodium dodecylsulfate (SDS)-polyacrylamide gels and PVDF membranes were obtained from Biorad (Hercules, USA) and SDS-sample buffer and dithiothreitol (DTT) were from Invitrogen (Karlsruhe, Germany). The BA85 nitrocellulose membranes were purchased from Schleicher&Schuell (Dassel, Germany). The enhanced chemiluminescence (ECL) western blot detection system, the Typhoon scanner, the peroxidase-linked anti-mouse IgG F(ab') 2 fragment, and 32 P-orthophosphate were obtained from Amersham Biosciences (Freiburg, Germany). The goat polyclonal anti-human ACE ectodomain antibody and its biotinylated form, as well as the goat polyclonal anti-human neprilysin antibody were purchased from R&D Systems (Wiesbaden-Nordenstadt, Germany). The goat polyclonal anti-human CD 55, the bovine anti-goat IgG, and the bovine anti-rabbit IgG were from Santa Cruz Biotechnology (Santa Cruz, USA). The rabbit polyclonal antibody to ABCA1 was obtained from Novus Biologicals (Littleton, USA). The mouse monoclonal anti-human CD 143:FITC antibody was from Serotec (Düsseldorf, Germany). All other antibodies and the Hypromatrix signal transduction antibody array were obtained from BioCat (Heidelberg, Germany). The Lumi-Imager was from Roche (Mannheim, Germany) and the SW55 TI tubes were from Beckman/Coulter/Immunotech. The AIDA software was from raytest Isotopenmeßgeräte GmbH (Sprockhövel, Germany) and the phosphoimager from Fujifilm (Düsseldorf, Germany).
Cell isolation and culture
Human preadipocytes were isolated from subcutaneous adipose tissue obtained during abdominal or breast plastic reductive surgery from healthy donors as described [23, 24] ( Table 1) .
For long-term storage these isolated cells were resuspended in Dulbecco's modified Eagle's medium supplemented with 10 % FCS and 5 % DMSO at a ratio of 15 g digested For all experiments cryoconserved preadipose cells were seeded in SD 6 medium supplemented with 10 % FCS at 1 ml per 75 cm 2 cell culture flasks to allow for overnight attachment. On the following day, the flasks were washed to remove erythrocytes and cell debris, trypsinized, and seeded onto 60 cm 2 cell culture dishes at a minimal cell density of 10 000 cells/cm 2 . Preadipocytes were propagated to confluence in SD 6 + 10 % FCS. On the day of confluence the medium was changed to SD 6 alone and the incubation continued for another 14 days. To obtain adipocytes, the serum-containing medium was removed 1 day after seeding, and propagation was achieved in SD 6 medium supplemented with 1 nM human recombinant bFGF and 50 nM cortisol. On the day of confluence differentiation was induced in SD 6 supplemented with 100 nM cortisol, 1 nM triiodothyronine, 500 nM rosiglitazone, and 500 µM IBMX for 3 days, and adipose conversion proceeded for another 11 days in the above induction medium without IBMX (Fig. 1A) . During the entire culture period, media changes were conducted three times weekly and cells incubated in a humidified atmosphere with 5 % CO 2 at 37
• C.
Cell lysis and determination of protein concentration
The cell monolayer was washed twice in cold TNE-buffer [50 mM Tris-HCl, 150 mM NaCl, 5 mM ethylenediaminotetraacetate (EDTA), pH 7.4], harvested in 400 µl lysisbuffer (TNE-buffer with 1 % Triton X-100 and 0.4 % protease inhibitor cocktail) per 60 cm 2 and incubated at 4
• C for 30 min. Cells were lysed by passing the cell suspension at least 5 times through a 27-gauge needle. Cell debris was separated by centrifugation at 10 000g for 5 min at room temperature (RT). Protein concentration of the cell lysate was determined according to Smith et al. [25] . In samples with a high lipid content proteins were precipitated with methanol/chloroform first according to Wessel and Flügge [26] . Protein concentration of the cell lysates was always adjusted to 1 mg/ml.
Immunoprecipitation
100 µl cell lysate were incubated over night at 4
• C under shaking with the anti-human ACE ectodomain antibody and precipitated with protein-A or protein-G magnetic beads according to the instructions of the manufacturer (Dynal Biotech). Bound proteins were eluted from the beads in 50 µl 1 x SDS-sample buffer.
Immunoblotting
Proteins were separated by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and were transferred to PVDF membranes. Blocking of the membrane was carried out in 5 % nonfat dry milk in phosphate buffered saline (PBS), and 0.1 % Tween20. Antibody incubations were performed in 1 % nonfat dry milk in PBS, 0.1 % Tween20. The following primary antibodies were used: anti-γ-tubulin (loading control, 1:2000), anti-human ACE ectodomain (1:500), anti-CD55 (1:1000), anti-ABCA1 (1:1000). Antibody-positive bands were visualized by peroxidase-conjugated secondary IgGs (1:20 000) and detection of the immune complexes was carried out with the ECL Western blot detection system and documented on x-ray film and with the Lumi-Imager for quantification.
Detergent lysis and sucrose flotation gradients
Isolation of detergent-insoluble membrane microdomains (DRMs) was done essentially as described [27] . The cell lysates were brought to 1.2 M sucrose by adding 400 µl of 2.4 M sucrose in TNE-buffer, placed on the bottom of a SW55 TI tube and overlaid with 1.2 ml of 0.9 M, 0.6 ml of 0.8 M, 1.2 ml of 0.7 M and 1.2 ml of 0.1 M sucrose in TNEbuffer. Samples were subjected to ultracentrifugation for 17 h (286 000g, 4
• C). After centrifugation 600 µl fractions were collected from the top to the bottom and the pellet was resuspended in 500 µl TNE-buffer with 1 % SDS at RT. Protein concentration of each fraction was determined, proteins quantitatively precipitated with methanol/chloroform, and resuspended in SDS sample-buffer + 50 mM DDT at a concentration of 1 mg/ml. 10 µl of each fraction were separated by SDS-PAGE, blotted, and detected with the anti-human ACE ectodomain antibody as described.
Determination of ACE phosphorylation
Phosphorylation of ACE was investigated essentially as described [18, 28] . Briefly, confluent cultures of preadipocytes and adipocytes were washed twice and then incubated in Tyrode's solution (132 mM NaCl, 4 mM KCl, 1.6 mM CaCl 2 , 0.98 mM MgCl 2 , 11.9 mM NaHCO 3 , 10 mM glucose) for 1 h at 37
• C. 0.2 mCi/ml 32 P-orthophosphate was then added to the dishes, which were incubated another 4 h at 37
• C. Any stimuli or inhibitors were added during this time. Afterwards, ACE was immunoprecipitated from the cell lysate, separated by SDS-PAGE, and radioactivity detected by phosphoimager. Additionally, the gel was blotted and ACE detected immunologically with the anti-human ACE ectodomain antibody as described.
Immunological detection of ACE-interacting proteins by antibody array and dot blot
For the detection of ACE-interacting proteins the signal transduction antibody array from Hypromatrix was used. The membrane was blocked 2 h at RT in 5 % nonfat dry milk in PBS and then incubated in cell lysate in TNE-buffer with 1 % nonfat dry milk for 2 h. After three washing steps of 15 min in PBS with 1 % Tween20, the membrane was incubated in mouse anti-human CD143(ACE):FITC (1:200) in PBS with 1 % nonfat dry milk for 1 h, washed again and signals detected with the Typhoon scanner. Specificity of Hypromatrix primary antibodies was tested by manual dotting of 1.5 µl (0.3 µg) antibody onto BA85 nitrocellulose membranes. After dotting the membranes were blocked over night at 4
• C in 5 % nonfat dry milk in PBS and then incubated in cell lysate in TNEbuffer with 1 % nonfat dry milk for 2 h at RT. After three washing steps of 15 min in PBS with 1 % Tween20, the membrane was incubated in biotinylated anti-human ACEectodomain antibody (1:500) in PBS with 1 % nonfat dry milk for 1 h, washed again and signals detected with the ECL Western blot detection system and documented on x-ray film and with the Lumi-Imager for quantification. Analysis of the antibody arrays and dot blots was performed with the AIDA software and dot-intensity signals corrected by background (local dot ring, area 4.75 times that of the dot) are shown.
Results
ACE protein expression in human primary preadipocytes and during adipose conversion
ACE protein is present and easily detected by western blot in human primary preadipocytes and in in vitro differentiated adipocytes (Fig. 1B) . Expression is not regulated during the 14 days post-confluence neither with nor without induction of adipose conversion. These results are in agreement with previously published mRNA data from human [23, 24] , but not rat adipose tissue [29] . As preadipocytes change the expression of classic "housekeepers" like actin during adipose conversion [30] , γ-tubulin was therefore chosen as loading control. 
ACE protein partitioning into plasma membrane microdomains
Signal transduction of transmembrane proteins has been shown to be regulated by localization to special membrane domains [31] . We therefore investigated the partitioning of ACE into Triton X100-insoluble membrane domains in human preadipocytes and in vitro differentiated adipocytes. CD55 and ABCA1 were immunoblotted from the same . ACE, angiotensin-converting enzyme; CD55, decay-accelerating factor; ABCA1, ATP-binding cassette transporter A1; LDF, low density fraction (="Triton X100-DRMs"); HDF, high density fraction (=Triton X100-soluble proteins); P, pellet.
fractions as known TritonX 100-resistant and non-resistant membrane domain proteins, respectively [32, 33] . Only trace amounts of total ACE were found in the Triton X100-insoluble membrane fraction (0.12 % +/-0.11 % in preadipocytes and 0.27 % +/-0.23 % in adipocytes) (Fig. 1C) . ACE is therefore efficiently excluded from detergent-insoluble membrane microdomains in both preadipocytes and adipocytes.
Phosphorylation of ACE in human preadipocytes and adipocytes
The short cytoplasmic C-terminus of ACE contains five serine-residues, of which three can potentially be phosphorylated, as they are localized within sequences recognized by protein kinase C (PKC) (Ser 1253 ) , protein kinase A (PKA) (Ser 1263 ) or CK II (Ser 1270 ) [18, 19] . ACE is phosphorylated in confluent human preadipocytes and, to a lesser extent, in in vitro differentiated adipocytes, but not in proliferating preadipocytes (Fig. 2A) . Immuno-precipitation of ACE from the whole cell lysate coprecipitated other, yet uniden-tified, phosphorylated proteins of approximately 250 kDa, 75 kDa, and two around 50 kDa (Fig. 2B) . Kohlstedt et al. also found three proteins of 225 kDa [21] , 46 kDa and 55 kDa [19] associated with ACE in endothelial cells and identified them as nonmuscle myosin heavy chain IIa (MYH9), JNK and mitogen activated protein kinase kinase 7 (MAPKK 7), respectively. Stimulation of the cells with ang I or ang II during 32 P-labelling (5 µM, 20 min) did not change the intensity of ACE phosphorylation (data not shown). Neither did we see an effect of the two CK II inhibitors okadaic acid (0.5 µM, 1 h) and DRB (100 µM, 1 h) (data not shown). We conclude, that phosphorylation of ACE in preadipocytes is not primarily dependent on CK II, although participation of CK II cannot be excluded. Table 1 ) each of human preadipocytes during proliferation in SD 6 medium + 10 % FCS, confluent preadipocytes kept for 14 days post-confluence in SD 6 medium, and in vitro differentiated adipocytes. WB, immunological detection with the anti-human ACE ectodomain antibody;
32 P, phosphorimager screen of the respective bands seen at WB. (B) Representative western blot and radioactive screening of whole cell lysate and immunoprecipitated ACE after 4 h 32 P-labelling of human primary preadipocytes (cell preparation nr. 2).
3.4 Shedding of ACE into the culture medium ACE can be cleaved from the membrane by an as yet unidentified protease. Some published data point to an involvement of ACE phosphorylation by CK II and protein ki-nase C (PKC) in the regulation of this process [18, 19] . This shedding of the ACE ectodomain has not yet been described in preadipocytes. We were able to detect ACE immunoreactive protein in the cell culture supernatant of two independent primary human preadipocyte cultures (Fig. 3) . These preliminary data sugest, that ACE ectodomain accumulates in the medium with time. Only a minor fraction of the total cell ACE, however, was released as estimated from the band intensities when run on the same gel (not shown). Shedding of many cell surface proteins can be stimulated by phorbol esters [34] . In our hands, PhD and PMA did not stimulate ACE-release from human preadipocytes. Table 1 ) were stimulated for 4 h and 8 h with 1 µM phorbol-12,13-dibutyrate (PhD), 1 µM phorbol-12-myristate-13-acetate (PMA) or 100 µM 5,6-dichloro-1-β-D-ribofuranosylbenzimidazole (DRB) in 2 ml SD 6 medium per 60 cm 2 cell monolayer. Medium supernatant and whole cell lysate were separated by SDS-PAGE and blotted with anti-human ACE ectodomain antibody. (A) precipitated proteins from 500 µl medium; (B) 10 µg of the respective whole cell lysates. Shedding of ACE into the medium confirmed in a second independent cell preparation (nr. 8; not shown).
Protein-protein interactions involving ACE
To screen for ACE-interacting proteins directly in preadipocytes and adipocytes, a signal transduction antibody array was used. With this technique it is possible to detect native protein-protein complexes directly in the cell system of interest without the necessity of protein overexpression [35] . This eliminates potential artefacts due to accumulation of overexpressed proteins, but sensitivity in this case is quite low. This array detected 23 positive interactions of ACE with signal transduction proteins which are listed in Table 2 . No marked differences in interacting protein pattern between preadipocytes and adipocytes were seen; neither did stimulation with ang II have a drastic effect on the detected signals. Syk may interact less strongly with ACE in ang II-treated cells ( Immediately before harvest, cells were stimulated or not with 5 µM ang II for 2 min. Four antibody arrays where incubated with 1 mg/ml whole cell lysate pools from three individual cell preparations (nr. 5, 6, 7, see Table 1 ) differentiated (A) or not (PA) and treated (+ ang II) or not with ang II. ACE was detected with FITC-labelled anti-ACE-antibody. The relative dot intensities and local dot ring background (noise) were calculated from all four antibody arrays. A mean ratio of 5.088 (signal to noise, calculated for identical areas of signal and noise) correlated well with visible spots on the array and was used as cut-off for positive spots. Those signals that were confirmed by dot blot are shown in bold. The primary antibody position list of the array can be downloaded at http://www.hypromatrix.com/Store/html/signal.html. Table 2 ACE-interacting proteins detected by antibody array.
One major concern when dealing with antibody arrays are false positive signals that can result from direct binding between the detecting anti-ACE antibody and membrane bound capturing antibodies. The experiment was, therefore, repeated with manually dotted arrays of the identical antibodies that had given positive results on the antibody arrays (supplied by BioCat). Of these, TRAF 3 signals could not be reproduced by dot blot, while the antibodies against cytochrome c, caspase 7, Fas, STAM, SHIP, DIVA, TDAG51, MDA-7, and BRCA2 bound unspecifically to the secondary antibody used, as these signals were also detected without the addition of bridging antigens from the cell lysate (Fig. 4) . The remaining proteins (bold in Table 2 ) thus represent probable candidates for direct interaction with ACE in human primary adipose tissue cells. 
Discussion
ACE has long been described as a specific surface marker for endothelial cells and tissue expression accepted to be limited to the vasculature [29, 36] . This picture seems to hold true for rat adipose tissue [29] , but previously published data on ACE mRNA expression in human adipose tissue [23, 24, 37] and the results presented herein have shown ACE to be expressed not only in preadipocytes but also in differentiated adipocytes. As each adipocyte is in direct contact with at least one capillary and ACE peptidase activity towards blood borne substrates should not be limiting for adipocytes. ACE may, therefore, serve specialised functions when expressed on the surface of preadipocytes and adipocytes.
Endothelial ACE outside-in signalling seems to be critically dependent on phosphorylation by CK II [18, 19, 21] . While CK II is expressed on mRNA and protein level in human preadipocytes and adipocytes (data not shown), CK II inhibitors did not change the phosphorylation status of ACE in preadipocytes and adipocytes. Neither could we show co-precipitation of CK II with ACE (data not shown). The CK II inhibitor DRB [38] , however, lead to a small increase in the amount of ACE ectodomain in the medium of one cell preparation. CK II phosphorylation of ACE (Ser 1270 ) may therefore be involved in preadipocyte ACE shedding if these preliminary data were to be confirmed. In adipose cells CK II is not the only enzyme responsible for ACE-phosphorylation, but CK II may regulate ACE retention in the membrane similar to its role in endothelial cells.
To broaden our search for putative intracellular signalling partners of ACE in cells from adipose tissue, we screened 400 different signal transduction proteins by antibody array. The 12 interacting proteins confirmed by dot blot share important roles in cell cycle progression and apoptosis as detailed below.
DMC1 (disrupted meiotic cDNA) and Rad51 are eukaryotic homologues of RecA and key factors for DNA double strand break repair by homologous recombination during DNA replication. Rad51 interacts with tumour suppressors and antagonizes their apoptosis-inducing activity [39] . During apoptosis induced by ionizing radiation, Rad51 has to be cleaved by caspase 3 for apoptosis to proceed [40] . DMC1 appears to function specifically in meiotic recombination [41] . Expression of DMC1 in human adipose tissue and functional interaction with ACE, therefore, remains questionable. STAT1 (signal transducer and activator of transcription 1) is phosphorylated, dimerizes and translocates to the nucleus to activate gene transcription in response to stimulation by specific growth factors and cytokines. Prolonged nuclear localisation of activated STAT1 results in apoptosis [42] . Our results show that ACE interacts preferentially with the non-phosphorylated STAT1, thereby possibly preserving its inactive state. Cdk1 [cyclin-dependent kinase 1, formally called Cdc2 (cell division cycle 2)] in a complex with cyclin B1 induces mitosis and inactivation of Cdk1 can increase the level of apoptosis, possibly because of loss of phosphorylation of survivin and Bcl-2. Published data, however, implicate Cdk1 as a pro-apoptotic mediator [43] . Cdk1 can induce cell death by triggering premature entry into mitosis and consequent mitotic catastrophe, followed by apoptosis. In addition, Cdk1 can phosphorylate the pro-apoptotic protein Bad (BCL2 (B-cell CLL/lymphoma 2)-antagonist of cell death), thereby causing a loss of interaction between Bad and cytosolic 14-3-3 proteins. As a result, Bad can translocate to mitochondria where it causes mitochondrial membrane permeabilisation and consequently cell death. During extrinsic apoptosis induction, caspase 3 mediated cleavage of Wee1 and consequent dephosphorylation of Cdk1 on Tyr 15 causes rapid activation of Cdk1. Three cytosolic protein tyrosine kinases were found to interact with ACE: Syk (spleen tyrosine kinase), Lck (lymphocytespecific protein tyrosine kinase), and cFgr (cellular homologue of the Gardner-Rasheed feline sarcoma viral oncogene vFgr). Syk activity seems to be generally associated with reduced proliferative cell states and Syk is important for early steps in 3T3-L1 adipogenesis [44] . Next to adipogenic inducers, Syk is also activated by TNF-α and positively regulates the TNF-α-induced activation of MAPKs and NF-κB while inhibiting apoptosis [46] . Lck is promoting cell proliferation and cancer progression in cooperation with Syk [47] . Presence of Lck, on the other hand, is required for the execution of early steps of the mitochondrial apoptosis pathway [48, 49] . The role of c-Fgr may be pro- [50] or anti-apoptotic [50] . In this context however it is of interest that c-Fgr can directly associate with Syk to inhibit Syk kinase function [51] . 14-3-3 proteins are cytoplasmic anchors for a variety of proteins, including pro-apoptotic ones, for which association with 14-3-3 proteins antagonizes their apoptotic signalling [52] . Human caspase 4 is the likely substitute for murine caspase 12, which seems to have been lost in humans. It is localized in the endoplasmic reticulum (ER) and is activated during ER-stress induced apoptosis [53] . Caspase 3 is one of the effector caspases necessary for execution of the apoptotic program [54] . FLASH [FLICE (Fas-associated death domain-containing protein-like interleukineconverting enzyme)-associated huge protein] is involved in apoptosis induced by both tumour necrosis factor-α (TNFα) and Fas ligand (FasL) [55, 56] . E-cadherin not only promotes cell adhesion but also inhibits cell proliferation and may even induce apoptosis by binding to β-catenin and inhibiting its nuclear accumulation [57] . During apoptosis, E-cadherin's intracellular and extracellular domains are simultaneously cleaved to disrupt cadherin-mediated cell-cell-contacts, a prerequisite for cell rounding [58] .
In the context of these possible roles of ACE signalling in cell proliferation and apoptosis it is intriguing to note that ACE-phosphorylation was never detected in actively proliferating cells. As the antibody-arrays were all done with non-proliferating cells, ACE phosphorylation may well be important for the interactions described herein. Studies are underway to discern possible roles of ACE in the regulation of adipose tissue cellularity. Questions that remain to be answered are those about the influence of ACE ligands on cell proliferation or apoptosis susceptibility and those concerning the change in ACE-protein interactions between proliferating and non-proliferating preadipocytes.
